Abstract-Passive avoidance conditioning is analyzed in a three compartment apparatus that consists of a light compartment, a dark dangerous compartment in which foot shock was delivered, and a dark safe one where the rats were not shocked. It is concluded that latency increase of passive response is caused not by memory of the shock in a strictly certain location and, accordingly, not by shock avoidance in it, but by non specific defensive response (freezing) unrelated to the shock location.
INTRODUCTION
Since the first publication on passive avoidance conditioning (PAC) was made half a century ago, the number of studies concerning nootropic testing has been continuously increasing [1] [2] [3] [4] . However, there are only few works aimed to investigate the nature of associative processes that are involved in PAC [5] .
To study PAC, the test apparatus consisting of a dark compartment and a light one is usually utilized. An animal placed in a light compartment due to innate preferences quickly enters a dark one where an electric shock is delivered. This leads to passive avoidance of the dark compartment that is measured by a sharp increase in latency of entering it during the next trial and is considered as a measure of learning and mem ory. The assumption is that the memory trace formed comprises the characteristics of the place where the painful stimulus was delivered. Thus, Yan Buresh and colleagues believe that the reaction elaborated "is related to the right identification of the compartment where the shock was delivered and prediction of the dangerous consequences of entering it" [6] . However, the cited hypothesis concerning the role of spatial memory component in PAC is debatable.
Firstly, rapid formation of PAC is in stark disagree ment with long term formation of active avoidance, when animals were required to press a bar in a Skinner box [7] or to enter a safe compartment of a shuttle box [8] . Secondly, the increase in latency can be caused not only by the factors affecting memory but also by that not related to it (such as motor activity, emotional state, etc.). Thirdly, pharmacological compounds could have an aversive effect on animals on their own and to reinforce that of the shock. This is why the increased latency should not be accounted for only by positive effect of the compounds on memory. Besides, it is impossible to discriminate the effect of the com pounds on memory from that on the emotional state.
Taking into account the above, latency as indicator of learning and memory, particularly, to assess the impact of pharmacological agents, is believed to be unreliable [2, 9] . Thus, the setup was modified so that an animal is given the opportunity of choosing between a dark dangerous compartment in which foot shock was delivered and a dark safe compartment where rats were not punished [10] . This work is aimed to analyze the memory trace nature in PAC comparing latencies of leaving the start compartment and select ing the safe one.
MATERIALS AND METHODS
The experiments were conducted on adult male albino rats weighing 180-220 g using two setups vari ously divided into three compartments (Fig. 1) . On the first day, the rats were placed one by one for 5 min in the setups with doors between compartments opened. On the second day, the acquisition session of a PAC response was carried on. For this purpose, the animals were placed in the light compartment facing away from the opening and the latency to enter any dark com partment was recorded. The door was then closed and single footshocks (0.7 mA, 0.5 s duration and inter shock interval of 3 s) were delivered. On the third day, the rats were placed in the light compartment and PAC was tested.
In the first setup, a trial was finished after the ani mal entered any compartment or 5 min passed. In the second setup, if the rat entered the safe compartment (where it was not punished), the trial was finished; if the animal entered the dangerous compartment, foot shocks were delivered (the pattern was similar to that of the second day); the other animals, after 5 min expired, were subjected to a footshock in an attempt to provoke an escape reaction and to find out possible safe compartment preference (Table 1 , test 2). The next day, testing was performed (test 3). After that, the rats remaining in the light compartment were sub jected to footshock and a possible preference for the safe compartment was tested again (test 4).
We also analyzed how a footshock delivered in the apparatus for acquisition of PAC influenced rat behav ior in the shuttle box. In order to perform it, 5 min motor activity of ten rats was investigated in the shuttle box. The next day, the animals were placed in the sec ond apparatus (Fig. 1 ) and a footshock was delivered when they entered the dark compartment. In 24 h, their behavior was observed for 5 min in the shuttle box.
The animals were kept under standard laboratory conditions with free access to food and water. All experimental procedures were in compliance with the European Communities Council Directive of Novem ber 24, 1986 (86/309/EEC).
To assess PAC, beside the latency, the choice of one of the dark compartments was recorded. Statistical significance of the increase in latency during testing with respect to its initial value was determined using a Wilcoxon signed rank test. Significance of the fre quency of visits to the compartments was estimated using goodness of fit criterion for frequency of occur rence of events.
RESULTS AND DISCUSSION
Electrical shock to develop PAC has lead to a tre mendous increase in latency of the reaction during testing in both apparatus (Table 2 ). Therefore, if we consider latency as a conventional indicator of acqui sition of PAC, learning took place in both apparatus. However, this did not result in preference for visits to the safe compartment. In the first apparatus, more than a third of animals remained in the start compart ment, 32.7% entered the dangerous compartment, and only 30.8% preferred the safe one. In the second apparatus, more than a half of the animals remained in the start compartment and only about a quarter of the rats entered the safe compartment (Fig. 2, test 1) .
As we have shown above, the animals that entered the dangerous compartment or remained in the start compartment were subjected to a footshock. More than two thirds of rats remained in the start compart ment and did not leave it despite the fact that they received more shocks, and those animals who did leave it mostly entered the dangerous compartment (Fig. 2,  test 2 ). The testing conducted in 24 h demonstrated, that additional training (shocks delivered after rats entered the dark dangerous compartment) and an increase in aversion of the start compartment by deliv ering the shock in it did not lead to an increase in safe compartment preference (Fig. 2, test 3 ). An essential part of the animals that remained in the light compart ment was characterized mainly by freezing behavior.
Additional shocks that were delivered in the start compartment after the end of previous testing, affected the rats remaining there so that the majority of them did not cross into another compartment (Fig. 2,  test 4) . Thus, the rats lack not only avoidance of a pos sible shock in the dangerous compartment by entering the safe compartment but also that of the shock deliv ered.
After the footshock was delivered in the passive avoidance apparatus, the latency of the first crossing from one compartment of the shuttle box to the other increased by a factor of 3.7 (p < 0.05) and the number of crossings decreased by a factor of 2.9 (p < 0.05) with respect to initial level.
The data collected suggest that there is a sharp increase in latency after single trial learning which describes the suppression of the innate preference for the dark compartment of the test apparatus in rodents. At the same time, not only single trial teaching but also repeated teaching did not lead to the preference for the safe compartment.
Therefore, the statement discussed above, as well as the explanation of memory trace formation in PAC given there, seems to be wrong. The simplicity of the explanation put forward appears to be deceptive and the problem is probably more complicated than it was thought earlier. The opinion of Konorskii [11] should be mentioned here: he believed that the explanation of the passive avoidance mechanism is less clear than that of the active one.
The comparison of latencies of passive avoidance response and visits to the safe compartment proves that processes of learning that cause delayed motor response and preference for the safe compartment are of a different associative nature. It has been established earlier that these processes comply with different quantitative laws [10] . The latency values in the study cited were linearly dependent on the electric shock strength. On the other hand, the preference for the safe compartment was least observed at high exposure with the largest number of animals remaining in the start compartment. This indicates an increase in freez ing behavior with increasing shock strength.
Besides, the effect of piracetam on these values was different as well: the drug does not affect the latency but leads to increased preference for the safe compart ment. The positive effect of the drug only on the spa tial memory component is consistent with the spatial avoidance response improved by nootropics in rats [8] and enhanced spatial performance in the Morris water maze [12] .
Apparently, there are several reasons that underlie the rapid memory trace formation resulting in the inhibition of this reaction. First of all, it could be con ditioned fear response, which according to Konorskii [11] is formed already after a single combination of shock and experimental setup. It should be noted that increased latency is attended by reduced physical activity. The fear of darkness is considered to be another reason [2] . However, reaction latency also increases in rats placed after PAC procedure in the shuttle box, where the dark compartment is absent. Therefore, the association between the shock and darkness is not essential for the memory trace forma tion and implementation in PAC, but the biggest con tribution is made by the shock effect itself, regardless of the dark compartment.
Experimental psychopharmacology provides evi dence for the role of fear in the latency increase as well. Anxiolytics, meant for fear and anxiety reduction, decrease the consequences of stressful effects in vari ous tests [13] . They increase the number of crossings and residence time in the light compartment of the apparatus, decrease freezing and increase motor activ ity in the open field, and reduce the anxiogenic state of the animals caused by sound effect and shock in the startle reflex testing that reduces freezing.
It is this ability of anxiolytics to reduce fear and anxiety that explains that one of them, notably diaz epam, reduces the latency in PAC [4, 14] . In contrast, nootropics, which have the action mechanism not associated directly with fear and anxiety reduction, do not reduce the latency as well [1] [2] [3] 10] . Thus, the fear reduction leads to the latency decrease, and in the absence of fear reduction latency does not decrease. It should be taken into account that, beside the basic associative process, fear can be caused by instru mental conditioning, since the shock follows the ani mal reaction. It has been shown that the latency has increased in rats subjected to the shock when they approached the dark compartment more than in those that were subjected to the shock regardless of this reac tion [5] . These experiments proved the role of operant conditioning and probably the role of the memoriza tion of the place where the shock was applied. How ever, the significance of this factor is quite limited, since noted increase in latency is valid only when the shock exceeds 1.8 mA. It should be also added that the number of preferences for the safe compartment decreases with the increasing shock strength [10] .
The reason for the latency increase after the shock may be the dependence of organism reactions on the state of the CNS discovered by I.M. Sechenov and later referred to as switching. This phenomenon char acterizes an ancient adaptive mechanism that provides nonspecific response in accordance with the received information about the environment. Similar depen dence is observed in animals, starting from the early stages of evolution. We observed, in particular [15] , that, after a single shock, Nereis (Nereis pelagica) were beginning to respond to the vibration stimulus as to aversive (by contraction and withdrawal of cephalic pole), and after the meal they implemented forward motion, typical for foraging, although the vibration was associated neither with shock nor with food.
It should be added that P.V. Simonov, in connec tion with the creatogenesis hypothesis, considered a number of possibilities for primary closure of tempo rary connections, whose compliance to reality became clear only later, in particular, the ability of the domi nant center to attach objectively not an inherent value to the phenomena of reality and their traces [16] .
From this point of view, the latency increase may be not due to the memory of the shock in the strictly cer tain place and it can be caused not by the shock avoid ance there, but by nonspecific defensive response (freezing), reflecting the ability of the animals to respond in accordance with the exposure to biologi cally significant stimuli. This ancient mechanism is essential for learning and could become the point of application for nootropics on the early stages of phylo genesis. This is confirmed by the effect of piracetam on learning and memory of insects [17] .
The data received show that the rapid formation of the emotional response of fear, providing the inhibi tion of innate behavior, does not lead to rapid forma tion of memory trace that describes the spatial charac teristics of the experimental situation. Shock place memorization, spatial differentiation, and preference for the safe compartment represent a more complex process and a more difficult task than just the forma tion of classical conditioning. Thus, during the avoid ance conditioning in a Skinner box, freezing as a shock response is the first to appear, and only then the con ditioned stimulus in the form of tremors and move ments in the apparatus regardless of the bar, switching off the shock, occur. Escape and avoidance that were reinforced by switching off the shock and conditioned stimulus following the reaction appeared much later [18] . This is consistent with the two factor theory of avoidance learning [19] , according to which condi tioned fear response is formed first on the basis of the classical principle of combining conditioned and unconditioned stimuli, and operant defense response occurred in the course of further learning.
In our opinion, it is the difficulty in determining the safe compartment that explains why piracetam is more effective in the spatial choice in the proposed technique modification [10] . In fact, it is known that impeding learning is resorted to so as to detect the nootropic activity of substances' various influences [4, 14] . Thus, the complication of the problem changing the location of a hole in the shuttle box and that of a bar in a Skinner box facilitates the determination of piracetam nootropic properties [8] . On the other hand, the effect of piracetam on the safe compartment choice in the absence of that on the latency of leaving the light compartment [10] indicates bigger complex ity of the spatial differentiation relative to the forma tion of conditioned fear response.
Thus, this study allows us to conclude that the increase in the latency of leaving the light compart ment occurs already after a single training, whereas the preference for the dark safe compartment, where the animal was not subjected to painful shock effect, is absent even during retraining. The latency increase, the decrease in motor activity, and freezing detected in rats after a single training are also observed in the apparatus where they were not subjected to an electric shock and where the dark compartment is absent. Therefore, the latency increase is caused not by mem ory of the shock in the strictly certain place and, accordingly, not by shock avoidance in it, but by non specific defensive response (freezing) being unrelated with the shock place.
